US009273555B2

a2 United States Patent 10) Patent No.: US 9,273,555 B2
Garner et al. (45) Date of Patent: Mar. 1, 2016
(54) POSITIVE DISPLACEMENT PUMP WITH 8,007,264 B2 8/2011 Drew et al.
IMPROVED SEALING ARRANGEMENT AND 20029/6016529’8(7)2 izlz 18%8(1)2 I(’}}?rﬁer t al 418/132
allen etal. ................
RELATED METHOD OF MAKING 2007/0158151 Al* 7/2007 Deconti .......cccoueun 188/264 D
75) I " Bob G Sturt £, WI (US) 2008/0069707 Al* 3/2008 Van Norman et al. ..... 417/410.1
nventors: Bob Garner, evant, ;
James G. Rankel, Wauwatosa, WI (US) OTHER PUBLICATIONS
(73)  Assignee: Ampco Pumps Company, Glendale, WI IDEX Corporation—Viking Pump; Classic+ Industrial Lobe Pumps
Us) product description; Sep. 2007, 8 pages.
(*) Notice: Subject to any disclaimer, the term of this SP); Ctogpora.mt).n f\lf;wk;z}ﬁ 'Cl};erry'BurreH; Universal 2 Series
patent is extended or adjusted under 35 procuct deseriplion; Nov. > 1~ Dages. )
U.S.C. 154(b) by 602 days JEC Pump website product description; http://www.jecpump.com/
"' ’ product/01__3view.html; printed Aug. 30, 2012; listed copyright date
(21)  Appl. No.: 13/601,078 2006: 2 pages. _
JEC Pumps; Always a Step Ahead product brochure; obtained from
(22) Filed: Aug. 31,2012 http://Www.prestigepumps.?0.ulddata/downloads/JEC720107 .
GENERAL pdf; PDF creation date 2010, per document properties;
(65) Prior Publication Data 12 pages.
Continued
US 2014/0065002 A1~ Mar. 6, 2014 (Continued)
(51) Imt.ClL )
FOIC 19/00 (2006.01) Primary Examiner — Jorge Pereiro
Fo4C 2/12 (2006.01) Assistant Examiner — Paul Thiede
F04C 15/00 (2006.01) (74) Attorney, Agent, or Firm — Quarles & Brady LLP
(52) US.CL
CPC ....cccc... FOIC 19/005 (2013.01); F04C 2/123
(2013.01); FO4C 15/0038 (2013.01); Fosc ~ (57) ABSTRACT
15/0076 (2013.01); F04C 2230/60 (2013.01); s .
’ - . A rotary positive displacement pump has a front-loading seal
FO4C 2240/51 (2013.01); YI0T 22%/;( 5920318 arrangement to better accommodate servicing and cleaning of
. . . ( D) the pump body. The pump includes a sliding seal subassem-
(58) Field of Classification Searc.h ) bly disposed in a volume between a central portion of a rotor
CpC / FOI.C 19/005; F(/)4C 15/0038; F(/)4C that is received on a shaft of a gear case and the hub of the
15/0076; FO4C 223/0 69’ F4C 22/40 Sl pump body. A related method of modifying a rotary positive
FO4C 2/123; Y10T 29/49238 displacement pump enables a conventional pump with a rear-
USPC ....... 418/120, 132, 141, 206.1, /206'2’ 206.6, side seal arrangement to be transformed into a pump having a
L 418 2,06'7’ 206.8 front-loading seal arrangement. In addition to the reduction of
See application file for complete search history. a dead zone in which turbulent flow does not occur by inclu-
(56) References Cited sion of the sliding seal subassembly, other modifications to

U.S. PATENT DOCUMENTS

6,328,547 B1* 12/2001 Morita .......ccoocevverrnene 418/206.1
3/2011 Whittome et al.

7,905,717 B2

the pump body improve the ability of the pump to be cleaned
in place.

23 Claims, 8 Drawing Sheets
P
270
ol /[\ WY
v -

230 e 29.’:
il B

204

240

a7 e i Sy N
777 e NN 260
\ 292 DA
208 \Tc 2784, | 4258

234 =
293

}—212
236 290 !
242

250 {281
2 25 286 )



US 9,273,555 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

Alfa Laval; SX Rotary lobe pump description; http://www.alfalaval.
com/solution-finder/products/sx-rotary-lobe-pump/pages/
howitworks.aspx; dated printed: Aug. 30, 2012; 1 pages.

Alfa Laval; Positive Displacement Pumps—Pure and Simple; prod-
uct brochure; copyright 2001; 8 pages.

Tri-Clover; TCIP Pump Service & Installation Manual; obtained
from http://www.flowtrend.com/manuals/Alfa%20Laval%20-
%20Tri%20Clover%20Service%20Manuals/
Positive%20Displacement%20Pumps/TCIP%20Series.pdf, PDF
modification date 2004, per document properties; 52 pages.

ZM Technologies; Zero Maintenance Pumps, The Standard ZW Ul
Pump & The Evolution Pump brochure; obtained at Nov. 2011 trade
show; 2 pages.

* cited by examiner



U.S. Patent Mar. 1, 2016 Sheet 1 of 8 US 9,273,555 B2

FIG. 1

PRIOR ART

PRIOR ART



US 9,273,555 B2

Sheet 2 of 8

Mar. 1, 2016

U.S. Patent

41y

a

€T

ZA!

ov1

44!

801
26T
8GT

p——]

8ET—

p—

091 a

ot

\

14

14V HOldd

NIE

0L1

0T
-
811
2Ll
051
obr JTPET
!
0
0 por1 =
wﬁm.ﬁ
; >
0vT5z1- / |9¥Tger
gp1~7 V1T

Ort

901



US 9,273,555 B2

Sheet 3 of 8

Mar. 1, 2016

U.S. Patent

cle

4

vlc—
80¢—

60—
8G¢—

ove

9/¢

09¢

V¥ Ol

G6¢
ov¢

0L¢

8¢ |91z

9¢c

v0¢

8l¢

¢S¢

L1

01C




U.S. Patent Mar. 1, 2016 Sheet 4 of 8 US 9,273,555 B2

?oo
204
e ZA 20 FIG. 4B
/m SO
216 / / V >
b s
230 20 295 | v
il B
277 %ég
1
208 d
= 4258
L0
234 203 e
: 212
236 750 ) g
242
T
% 282 285 286 )

204~ .~ 7T ,ZL '''''' e~ 276
FIG. 4C e
_/'/ / 217% %279 } 286
277~ T 77 —290
27 7T ALY 7R

236—




US 9,273,555 B2

Sheet 5 of 8

Mar. 1, 2016

U.S. Patent




U.S. Patent Mar. 1, 2016 Sheet 6 of 8 US 9,273,555 B2




US 9,273,555 B2

Sheet 7 of 8

Mar. 1, 2016

U.S. Patent

91¢

01¢

¥0¢

8¢¢
84¢
86¢
vée
162
¢0¢
0cc
L6¢ .
JANIE
8¢¢
90¢



U.S. Patent Mar. 1, 2016 Sheet 8 of 8 US 9,273,555 B2

(o))
(o 0]
N



US 9,273,555 B2

1
POSITIVE DISPLACEMENT PUMP WITH
IMPROVED SEALING ARRANGEMENT AND
RELATED METHOD OF MAKING

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not applicable.

BACKGROUND

This disclosure relates to positive displacement pumps. In
particular, this disclosure relates to improvements for rotary
positive displacement pumps such as circumferential piston
pumps, for food processing or industrial applications.

Pumps, such as rotary positive displacement pumps, can be
used to transport fluids through a system. In a rotary positive
displacement pump, two or more counter-rotating lobes are
disposed in a cavity typically defined by a pump body and an
associated cover. This cavity has an inlet on one side of the
rotary lobes through which the fluid material is initially
received and an outlet on the other side of the rotary lobes
through which the fluid material is forced out of the pump. A
gear case, which typically supports the pump body, has shafts
that attach to the rotors. When the gear case drives the rotation
of'these shafts, the attached rotors rotate, thereby causing the
pumping action.

Although positive displacement pumps of the type
described above have existed for some period of time, the
continued maintenance and service of these pumps has pre-
sented unique challenges. Particularly as health and sanita-
tion standards have become more stringent, maintaining the
required levels of cleanliness has become an expensive
endeavor, often requiring complex disassembly and reassem-
bly of the pump.

With thousands of pumps of'this kind in service throughout
the world, there is a continued need for improvements.

SUMMARY OF THE INVENTION

An improved pump assembly as well as a method of modi-
fying existing rotary positive displacement pumps for
improved performance and serviceability is disclosed.

As will be described in further detail below, the industry-
standard rotary positive displacement pump structure, such as
the Ampco Pumps® ZP2 Series Positive Displacement
Pumps, the Waukesha Cherry-Burrell® Universal II Series
PD Pumps, or the Wright Flow Technologies® TRA20 Series
Pumps, require that the entire pump body be detached from
the gear case in order to service the seals that are disposed
between the gear case and the pump body. For decades this
has meant that, in order to service or clean portions of the
pump, the pump would need to be subject to long periods of
downtime in which the pump body would need to be removed
from the gear case in order to access the seals.

Additionally, the industry-standard rotary positive dis-
placement pumps have “dead zones” in which the fluid being
transported may collect and stagnate. Attempting a clean-in-
place (CIP) process to clean a pump with such dead zones was
problematic because even when a cleaning fluid was intro-
duced, the fluid might not reach and clean these dead zones at
all or would only do so if cleaning was performed for a long
duration of time.

The improved pump that is now disclosed provides a front-
loading seal construction and eliminates “dead zones” within
the pump cavity. Notably, while newly-built rotary positive
displacement pumps can be constructed to have these advan-
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tages, it is also possible to modify or re-build existing indus-
try-standard rotary positive displacement pumps to include
these advantages. This means that thousands of pumps which
are currently in service do not need to be replaced, but merely
rebuilt, in order to achieve many of the benefits of the new
structure.

According to one aspect of the invention, a rotary positive
displacement pump is disclosed for pumping a fluid. The
rotary positive displacement pump includes a gear case sup-
porting a pump body having a cover attached to the pump
body. A cavity is defined between the pump body and the
cover that has an inlet and an outlet. Inside the cavity of the
pump body, the pump body has a pair of hubs that extend into
the cavity. Each of the pair of hubs has an axially-extending
opening through each one of which a corresponding one of a
pair of shafts from the gear case is received. Inside the axially-
extending opening of the hub, each of the pair of shafts have
a central portion of a rotor received on the shaft. Each rotor
has wings attached to the respective central portion of the
rotor in which the wings are disposed radially outward of the
hub when the central portion of the rotor is attached to the
shaft. The rotors are rotatable in opposite directions to pump
a fluid through the pump body from the inlet through the
cavity to the outlet. A sliding seal subassembly is disposed in
avolume between the central portion of each of the rotors and
the corresponding hub in the pump body.

According to another aspect of the invention, a method of
modifying a rotary positive displacement pump of the type
described above is disclosed. The method includes removing
a volume of material from each of the hubs on a radially
inward facing surface of the axially-extending openings of
the hubs to enlarge at least a portion of the axially-extending
openings and assembling sliding seal subassemblies between
the central portion of the rotors and the hubs of the pump
body.

Additionally, other modifications to the pump body and
rotor are disclosed that improve the ability of the pump to be
cleaned in place. This might be achieved by structurally alter-
ing the pump body and/or rotor to reduce number of areas that
are not subject to turbulent flow and by removing material
from the lateral walls of the pump body to provide for free
drainage in the area between the rotors and the cover without
sacrificing pump efficiency.

These and still other advantages of the invention will be
apparent from the detailed description and drawings. What
follows is merely a description of some preferred embodi-
ments of the present invention. To assess the full scope of the
invention the claims should be looked to as these preferred
embodiments are not intended to be the only embodiments
within the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a prior art universal pump.

FIG. 2 is a perspective view of the prior art pump of FIG. 1
in which the cover has been removed to illustrate the arrange-
ment of the rotors in the pump body.

FIG. 3 is a partial cross-sectional view taken through the
pump body showing the volume of the pump body in which
one of the rotors is received on a shaft and the related sealing
and connection.

FIG. 4A is a partial cross-sectional view similar to that in
FIG. 3, but that is taken through the new pump according to
this disclosure.

FIG. 4B is a detailed cross-sectional side plan view of the
new pump illustrating the new sliding seal subassembly
between the pump body and the rotor.
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FIG. 4C is a detailed cross-sectional side plan view of the
sliding seal subassembly taken in area 4C-4C of FIG. 4B.

FIG. 5 is an exploded perspective view of the new pump in
which the various items of the seal structure and the rotor are
shown.

FIG. 6 is a view of the new pump with the cover removed
from the pump body so as to show the rear side of the cover.

FIG. 7 is a perspective view of the new pump similar to
FIG. 6, but in which the rotors and sliding seal subassemblies
have been removed to better show the hubs and shafts.

FIG. 8 is a rear perspective view of one of the rotors in
which a portion of the seal structure is shown being attached.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The various parts of a prior art pump 100 in FIGS. 1-3 will
now be described in greater detail before proceeding on to a
further detailed description of the new pump 200 in FIGS.
4-8. The new pump 200 is a modified and improved version of
the prior art pump 100. It will be appreciated that a number of
components or parts of the prior art pump 100 of FIGS. 1-3
and the new pump 200 of FIGS. 4-8 are similar; however,
there are also differences between the prior art pump 100 and
the new pump 200. Accordingly, the following detailed
description is to be read with reference to the figures, in which
like elements in different figures have like reference numer-
als. In the instances where differences exist between the prior
art pump 100 and the new pump 200, those differences will be
described in the text of this specification and/or illustrated in
the figures.

Referring first to FIGS. 1-3, a prior art rotary positive
displacement pump 100 is illustrated. The pump 100 illus-
trated in FIGS. 1-3 is an Ampco Pumps® ZP2 Series circum-
ferential piston pump, which is a kind of positive displace-
ment pump. This particular style of pump is typically utilized
in sanitary applications, such as dairy and food processing, to
transport fluid from an inlet line connected through the pump
100 to an outlet line.

In general construction, the pump 100 includes a gear case
102 with a front end that supports a pump body 104 on a rear
side of the pump body 104. The gear case 102 and the pump
body 104 may be connected to one another in a number of
ways including using bolts or other fasteners. As will be
described in greater detail below, portions of the gear case
102, such as output shafts, can extend into the pump body
104. In order to prevent leakage in this area of insertion in the
prior art pump 100, there will be a sealing arrangement dis-
posed between portions of the gear case 102 and the pump
body 104.

Looking more closely at the gear case 102, the gear case
102 is adapted to translate a single input rotary torque into a
pair of counter-rotational output rotary torques. In the par-
ticular form illustrated, the gear case 102 is configured or
adapted to receive an input rotary torque ata keyed input shaft
106 at the rear end of the gear case 102. This keyed input shaft
106 may be coupled to a motor (not shown) using a coupling
(not shown) such that the input shaft 106 receives the input
torque. This input torque is then translated and divided within
the gear case 102 into a pair of counter-rotational torques that
are provided to a pair of output shafts 108 on the front end of
the gear case 102. In the form illustrated, the pair of output
shafts 108 of the gear case 102 are parallel with one another
and also with the input shaft 106. Because the translation and
division of such torques and rotary motion is known within
the gear case art, a greater description of the interior of the
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gear case 102 is unnecessary. Moreover, it will be appreciated
that other styles of gear cases might be used with the improve-
ments described herein.

As illustrated, a mounting base 110 is also attached to the
gear case 102 for attaching the pump 100 to a mounting
surface. Although an upright orientation of gear case 102 and
pump 100 is shown in the figures, it will be appreciated that
the gear case 102 is adapted for connection to a variety of
mounting arrangements including bottom, top, and side
mounting arrangements.

Now returning to the pump body 104 and with specific
reference to FIG. 2 in which a cover 112 has been removed
from a front side of the pump body 104, the pump body 104
houses a pair of intermeshed rotors 114 that are received in an
internal cavity 116 of the pump body 104. The internal cavity
116 is defined by the walls of the pump body 104 and the
cover 112, when the cover 112 is attached to the pump body
104. A fluid inlet 118 and a fluid outlet 120 are disposed on
respective opposing lateral sidewalls 122 and 124 of the pump
body 104 and the inlet 118 and the outlet 120 are in fluid
communication with the internal cavity 116 ofthe pump body
104. If one were to draw a line between the inlet 118 and the
outlet 120, this line would extend through the area in which
the rotors 114 intermesh.

As canbebest seenin FIG. 3 and in FIG. 7 which illustrates
the new pump 200, a pair of hubs 126, 226 protrude from the
rear wall of the pump body 104, 204. Although only the top
hub is illustrated in FIG. 3 due to the particular line through
which the cross-section is taken, a bottom hub that is gener-
ally similar to the top hub can be found under the lower rotor.
Because the cover 212, the rotors 214, and the sliding sealing
subassembly has been removed in FIG. 7, FIG. 7 best illus-
trates the structure of the hubs 226 relative to the rest of the
pump body 204. However, it should be appreciated that the
hubs 226 of pump body 204 represent a modified version of
the hubs 126 of the pump body 104. To best appreciate a
difference between the hubs 126 and the hubs 226, the cross-
sections of FIGS. 3 and 4B should be compared.

Each of the pair of hubs 126 are generally cylindrically
tubular shaped protruding from a base wall of the pump body
104 and have a radially inward facing surface 128 and a
radially outward facing surface 130 (the radially outward
facing surface 130 extends around only a portion of the total
circumference of the hub 126, as there is a cutout region for
accommodating the passage of the wings of the adjacent
rotor). As will be described in greater detail below, the radi-
ally inward facing surface 128 of the hubs 126 in the prior art
pump 100 can be altered or modified to receive an inserted
sleeve with axial faces for reception of sliding seal subassem-
bly parts (or to be otherwise formed so as to include axial
faces for this purpose).

The pair of hubs 126 each have an axially-extending open-
ing 132 in which one of the pair of output shafts 108 of the
gear case 102 is received. This is perhaps best illustrated in
FIG. 7, in which the axially-extending openings 232 in hubs
226 are depicted with the pair of output shafts 208 co-axially
extending there through.

The pair of output shafts 108 are keyed such that the rotor
114 received on the output shaft 108 can be rotationally
driven by the rotation of the shafts 108. As best seen in FIG.
3, the rotor 114 is received onto the shaft 108 by telescopi-
cally inserting an opening 134 of a central portion 136 of the
rotor 114 onto the shaft 108 such that the central portion 136
of'the rotor 114 is disposed between the hub 126 and the shaft
108. The profile of the opening 134 on the rotor 114 and the
profile of the shaft 108 with a key 138 already inserted therein
can have a similar cross sectional profile so that the rotor 114
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is driven by the rotation of the shaft 108 via the key 138 and
keyways formed in the shaft 108 and the rotor 114.

As best seen in FIG. 8, which shows the rear side of one of
the rotors 214 (which is otherwise similar to rotors 114,
except in the ways described below), each rotor 114, 214
includes two wings 140, 240 that are disposed on the outside
of the hub 126, 226 when the rotors 114, 214 are installed in
the pump body 104, 204). That is to say, the wings 140, 240
are disposed radially outward of the radially outward facing
surface 130, 230 of the hub 126, 226 when the pump 100, 200
is assembled. It will be appreciated that while two wings 140,
240 are illustrated on each rotor 114, 214, that variations on
the type of rotor and the number of wings or lobes can be
made. For example, in certain pumps, the wings may be
replaced by lobes and/or there may be only a single wing, two
wings, or more than two wings or lobes.

In order to link the central portion 136, 236 of the rotor 114,
214 (which is disposed in the axially-extending opening 132,
232 of the hub 126, 226) to the wings 140, 240 (which are
disposed on the outside of the hub 126, 226), the rotor 114,
214 includes a disc-shaped portion 142, 242 on the forward
axial end of the rotor 114, 214 that links the central portion
236 to the wings 140, 240. In the form shown, this disc-
shaped portion 142, 242 is integrally formed with both the
central portion 136, 236 and the wings 140, 240 of the rotor
114, 214. When assembled, the disc-shaped portion 142, 242
of the rotor 114, 214 is forward of the front axial end of the
hub 126, 226.

By having portions of the various surfaces of the wings
140, 240 of the rotor 114, 214 closely match the surfaces that
they pass during rotation within the pump body 104, 204, the
rotors 114, 214 can efficiently turn their rotation into a pump-
ing force on the fluid being transported. A radially inward
facing surface 144, 244 of the wings 140, 240 are generally
shaped so as to be closely positioned to the radially outward
facing surface 130, 230 of the hub 126, 226 and a radially
outward facing surface 146, 246 of the wings 140, 240 are
generally shaped so as to be closely positioned to at least a
portion of a side wall 148, 248 defining a portion of the
internal cavity 116, 216 of the pump body 104, 204. Addi-
tionally, a rear axial surface 150, 250 of each of the wings 140,
240is closely positioned to a rear wall 152,252 of the internal
cavity 116, 216 and the front axial surfaces 154, 254 of the
wings 140, 240 and a radially outward facing wall 156, 256 of
the disc-shaped portion 142, 242 all can be closely positioned
to the back side wall of the cover 112.

When both rotors 114 are attached, because the rotors 114
each include two wings 140, the rotors 114 are 90 degrees out
of phase with one another on the shafts 108, as best depicted
in FIG. 2. This permits the intermeshing of the wings 140 of
the rotors 114 when the rotors 114 are spun in opposite
directions about their respective axes of rotation. Both the
angular ends 156, 256 of the wings 140, 240 and a portion of
the hubs 126, 226 (for example, see FIG. 7, indicating por-
tions 258 ofthe hubs 226 which have a similar exterior profile
as the hubs 126) can have concave arcuate sections so as to
provide clearance as the rotors 114, 214 rotate within the
internal cavity 116, 216 of the pump body 104, 204.

In order to axially secure the rotor 114, 214 on the shaft
108, 208, a fastening element engages both the rotor 114, 214
and the shaft 108, 208. In the particular form illustrated, on
the end of the shaft 108, 208 furthest from the gear case 102,
202, the shaft 108, 208 has a threaded portion 158, 258 which
extends out of the front side of the opening 134, 234 of the
central portion 136, 236 of the rotor 114, 214. A nut 160, 260
can be fastened to the threaded portion 158, 258 on the end of
the shaft 108, 208 so as to secure the rotor 114, 214 on the
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shaft 108, 208. In order to provide a seal between the nut 160,
260 and the front face of the rotor 114, 214 there may be an
o-ring compressed there between (such as the o-ring 262
illustrated in FIG. 4B) and a Bellville washer 192, 292 or
other intermediate element may be present between the nut
and the front side of the rotor 114.

With the structure of the pump 100 having been described,
the general operation of the pump 100 will now be explained.
In general operation, the inlet 118 and the outlet 120 are
connected to an inlet line that provides a fluid and an outlet
line, respectively. With the inlet and outlet lines attached to
the pump body 104, the rotors 114 are driven in opposing
rotational direction (e.g., clockwise and counter-clockwise)
by output shafts 108 of the gear case 102 in order to pump a
fluid received at the inlet 118 through the internal cavity 116
of the pump body 104 and out the outlet 120. It will be
appreciated that the inlet 118 and outlet 120 are relative terms,
as the rotors 114 can be driven in the opposite direction to
provide a pumping action in a reverse direction.

In order to prevent the fluid being pumped through the
pump body 104 from leaking, a number of seals are provided.
However, the sealing arrangement differs between the prior
art pump 100 and the new pump 200.

Most notably, during assembly of the prior art pump 100, a
sealing arrangement 164 is captured between the front side of
the gear case 102 and a rear wall of the pump body 104. This
sealing arrangement 164 might include a single mechanical
seal or a double mechanical seal but, in either event, installa-
tion of the sealing arrangement 164 requires that a seal seat
166 and seal seat o-ring to be received on the base of the shaft
108. Then, a single or double mechanical seal to be inserted
into the rear side of the pump body 104 including a stationary
seal 168. Although great detail is not provided in FIG. 3,
o-rings are at a minimum provided between the seal seat 166
and the shaft 108 and between the stationary seal 168 and the
pump body 104 such that, when the stationary seal 168 is
compressed against the seal seat 166 during attachment of the
pump body 104 to the gear case 102, seals are formed that
prevent the escape of the fluid being pumped back through
this sealing arrangement 168.

It should be stressed that this sealing arrangement 168
between the pump body 104 and the gear case 102 requires
the pump body 104 to be separated from the gear case 102 in
order to service the sealing arrangement 168. Unfortunately,
this can mean that when inlet and outlet lines are connected to
the pump body 104, that these lines will typically need to be
disconnected prior to removal of the pump body 104 which is
both time-consuming and prone to the introduction of error.
The re-assembly of the pump 100 and the reconnection of the
inlet and outlet lines to the pump body 104 introduces the
possibility that a bad connection may be made (i.e., an area in
which a seal is formed may not be properly reestablished) or
that, over time, the connections may fatigue and begin to leak.

Although they will be not described in great detail, other
seals are also present in the prior art pump 100 which can also
be present in the new pump 200. A front seal 170, 270 is
disposed between the cover 112, 212 and the front face of the
pump body 104, 204 to form a seal between the two items
when the cover 112, 212 is attached to the pump body 104,
204. Additionally, there may be seals between the nut 160,
260 and rotor 114, 214 and the rotor 114, 214 and the shaft
108, 208 in order to prevent the ingress of fluids into the area
of threading between the threaded portion 158, 258 of the
shaft 108, 208 and the nut 160, 260.

Finally, before describing the revisions to the improved
pump 200, it is worth noting that a “dead space” can develop
between a radially outward facing surface 172 of the central
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portion 136 of the rotor 114 and the radially inward facing
surface 128 of the hub 126. This “dead space” is identified in
FIG. 3 using reference number 174 to denote a cross section
of the annular volume. This space is referred to as a “dead
space” because the fluid being pumped can collect in this
annular volume 174 and become stagnant, as the wings 140 of
the rotor 114 primarily transport or pump fluid on the outside
of the hub 126.

The collection of fluid in this area often requires the disas-
sembly of pump 100 to a point at which at least the rotors 114
are removed, because clean-in-place processes require
adequate fluid flow through the areas to be cleaned. As these
are “dead spaces” from a fluid transport perspective, clean-
in-place solutions are not very effective at entering this annu-
lar volume 174.

Now with a general understanding of the prior art pump
100 structure and operation, modifications are described that
can be made to the prior art pump 100 to result in the new
pump 200. It will be appreciated that the new pump 200 could
either be made by modifying an existing prior art pump such
as pump 100 or could be manufactured as a brand new pump.

Perhaps the biggest difference between the two pumps 100
and 200 is that, in the new pump 200, a sliding seal subas-
sembly 276 is inserted between the radially outward facing
portion 272 of the central portion 236 of the rotor 214 and the
radially inward facing surface 228 of the hub 226.

Among other things, the inclusion of this sliding seal sub-
assembly 276 provides a sealing arrangement that is service-
able by removing the cover 212 attached to the pump body
204 and by removing a respective rotor 214 from its respec-
tive shaft. This means that each sliding seal subassembly 276
is front-loading in that each sliding seal subassembly 276 is
removable from the pump body 204 without the removal of
the pump body 204 from the gear case 202.

The inclusion of the sliding seal subassembly 276 in the
space between the rotor 214 and the hub 226 also greatly
reduces the volume of “dead space” as the sliding seal sub-
assembly 276 occupies the annular volume 174 in the prior art
pump 100. Because the sliding seal subassembly 276 can
require more space than the annular volume 174 can provide,
the radially inward facing surface 128 of the hub 126 may be
removed in order to enlarge the axially-extending opening
132 of'the hub 126 in the prior art pump 100 to the size of the
axially-extending opening 232 in the hub 226 of the new
pump 200.

In order to provide the enlarged opening from a pump body
104 from a prior art pump 100 (which may be, for example, a
conventional Ampco Pumps® ZP2 Series positive displace-
ment pump, a conventional Waukesha Cherry-Burnell® Uni-
versal II Series PD Pump, or a conventional Wright® TRA20
Series Pump), a volume of material is removed from each of
the hubs 126 on the radially inward facing surfaces 128 of the
axially-extending openings 132 of the hubs 126 to enlarge at
least a portion of the axially-extending openings 132. In its
simplest form, the step of removal can include boring a larger
axially-extending opening into the original hub 126 (i.e., an
opening of greater diameter). The step of removal may also
include counter-boring a portion of the axially-extending
opening 132 on the rear wall of the pump body 104 such that
there is an even greater diameter counter bore on the rear wall.

Then, after removing a volume of the material in the old
hubs 126 to form the new hubs 226, a sleeve 277 is inserted
into each of the axially-extending openings 232 of the hubs
226 from a rear side of the pump body 204. The cross-
sectional profile of this sleeve 277 can be seen best in FIGS.
4B and 4C. A radially outward facing surface of the sleeve
277 can be stepped so as to position the sleeve 277 in the
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counterbore of the axially-extending opening 232. Once posi-
tioned within the axially-extending opening 232, set screws
(not shown) can be screwed into place to lock the sleeve 277
with respect to the pump body 204.

The sleeve 277 includes two forward and axially-facing
surfaces 278 and 279 in the axially-extending opening of the
hub 226. These forward and axially-facing surfaces 278 and
279 will be used in the positioning of the sliding seal subas-
sembly 276 within the hub 226.

At this point, it is worth noting that the modification of the
hub 126 of the pump body 104 described above is only one
way of achieving an appropriately-sized opening to accom-
modate the sliding seal subassembly 276. In the particular
prior art pump 100 illustrated, this described method is par-
ticularly workable because, even with the removal of a por-
tion of the material from the hubs, the hubs are still structur-
ally sound. It is contemplated that in other pump designs,
material might be removed from the radially outward facing
surface of the rotor as an alternative to or in addition to a
removal of material from the inside of the hub. As still another
alternative, the pump body might be newly formed with less
material in the hub so as to accommodate the sliding seal
subassembly 276 or might be formed in such a manner that
the portion designated as the sleeve 277 is integrally formed
with the pump body 204. However, such integration may
inhibit future reconditioning of the pump.

Returning now to the illustrated modifications of the pump
100 to make the pump 200, once the hubs are modified, then
the sliding seal subassemblies 276 can be assembled between
the central portion 236 of the rotors 214 and the modified hubs
226 of the pump body 204. Although only a single sliding seal
assembly 276 is illustrated in detail, it will be appreciated that
both the top and bottom rotors 214 and hubs 226 can each
receive a sliding seal assembly 276.

Conceptually, each sliding seal subassembly 276 can be
broken down into two halves or portions: a stationary portion
in the pump body 204 and a rotating portion in the rotor 214.
Then when the rotor 214 is attached to the shaft 208, the two
portions of the sliding seal subassembly 276 are brought
together to establish a sliding interface between the two por-
tions.

Looking first at the stationary portion, a biasing element in
the form of a wave spring 280 is first inserted into the axially-
extending opening 232 until the wave spring 280 is seated in
the rearmost forward and axially-facing surface 278 of the
sleeve 277. Although not illustrated, the wave spring 280 is
positioned rearward of a pair of anti-rotation stationary drive
pins (not shown) that are disposed between forward and axi-
ally-facing surfaces 278 and 279 of the sleeve 277.

Next, a stationary seal o-ring 281 is inserted into the axi-
ally-extending opening 232 of the hub 226 until it seats
against the forwardmost forward and axially-facing surface
279 of the sleeve 277.

With both the wave spring 280 and the stationary seal
o-ring 281 in place, a stationary seal member 282 is inserted
into the axially-extending opening 232 until it seats against
the wave spring 280. The stationary seal member 282 is
generally annular and has, on a rearward axial face, a pair of
slots 283 formed therein that align with the stationary drive
pins in the sleeve 277 to rotationally fix or couple the station-
ary seal member 282 relative to the pump body 204. On a front
axial face of the stationary seal member 282, there is a lapped
surface that provides a stationary seal face 284 of the sliding
interface.

It should be noted that, because the shaft 208 is already
co-axially received in the hub 226 during assembly, the wave
spring 280, the stationary seal o-ring 281 and the stationary
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seal member 282 are all also received over/around the shaft
208 although they do not substantially contact the shaft 208
when in place.

Turning now to the rotating portion of the sliding seal
subassembly 276 and with additional reference to FIG. 8, the
rotating portion of the sliding seal subassembly 276 includes
arotary seal member 285. As with the stationary seal member
282, the rotary seal member 285 is annular. A rotary seal
o-ring 286 is stretched over the outer diameter of the rotary
seal member 285 on a forward end thereof. With the rotary
seal o-ring 286 attached, the rotary seal member 285 is tele-
scopically slid over the central portion 136 of the rotor 214
such that the rotary o-ring 286 and a forward end of the rotary
seal member 285 contact a rearward facing axial face 287 of
the disc-shaped portion 242 of the rotor 214.

As with the stationary seal member 282, the rotary seal
member 285 can have slots 289 formed therein that align with
anti-rotation rotary seal pins 290 that are also received in the
rearward facing axial face 287 of the rotor 214 to rotationally
fix the rotary seal member 285 with respect to the rotor 214.
When the rotary seal member 285 is fully received on the
central portion 236 of the rotor 214 these rotary seal pins 290
cause the rotary seal member 285 to rotate with the rotor 217.
Accordingly, these pins 290 couple the rotary seal member
285 to the rotor 214.

On the rearward axially facing surface of the rotary seal
member 285, there is a lapped surface that provides a rotary
seal face 291 that forms the other half of the sliding interface.

At this point, the rotor 214 (with the rotary seal member
285 coupled thereto) can be placed onto the shaft 208 to bring
the two portions of the sliding seal subassembly 276 together.
With the rotor 214 received on the shaft 208, a Bellville
washer 292 is inserted on the nut 260 and a retaining o-ring
293 is attached to the nut 260 so as to retain the Bellville
washer 292 on the nut 260. Additionally, the rotor nut o-ring
262 is attached to an outer periphery of the nut 260. With these
items attached to the nut 260, the nut 260 is fastened onto the
threaded portion 258 of the shaft 208 so as to couple the rotor
214 onto the shaft 208 and to compress the portions of the
sliding seal subassembly 276 together.

As a result of the attachment of the rotors 214 to the shafts
208, the sliding seal subassembly 276 is formed which
includes a number of seals.

Two seals of the sliding seal subassembly 276 are formed
by the compression of o-rings. The stationary seal o-ring 281
is disposed between and contacts the stationary seal member
282, asurface of the axially-extending opening 232 of the hub
226, and the axially-facing surface 279 of the sleeve 277 to
form a seal there between. The rotary seal o-ring 286 is
disposed between and contacts the rotary seal member 285
and the respective rotor 214 to form a seal there between.

Perhaps most notably, in order to accommodate rotation of
the rotor 214 relative to the pump body 204, the rotary seal
face 291 of the rotary seal member 285 and the stationary seal
face 284 of the stationary seal member 282 contact one
another to establish a sliding interface there between when the
respective rotor 214 rotates relative to the pump body 204. In
order to provide a good seal and wear properties, the station-
ary seal member 282 and the rotary seal member 285 can have
tungsten carbide seal faces or be composed of other wear-
resistant materials or coatings.

Accordingly, in combination with the two o-ring seals
described two paragraphs previous, this sliding interface
forms a sealing arrangement between the rotor 214 and the
pump body 204 that is completely front-loading and obviates
the need for the sealing arrangement 164 between the pump
body 104 and the gear case 102 found in conventional pumps.
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Among other things, the sliding interface between the rotary
seal face 291 and the stationary seal face 284 is closer to the
areas of turbulent flow in the internal cavity 216 than the
previous sealing arrangement 164 at the base of the shaft 108
in pump 100. This eliminates the vast majority of the area of
the dead zone as the seal has been moved forward in the pump
200 as well as the rearwardmost o-ring arrangement of the
stationary seal components.

Additionally, the attachment of the rotor 214 to the shaft
208 establishes a few other seals to protect the area of attach-
ment between the rotor 214 and the shaft 208. The rotor nut
o-ring 262 forms a seal between the nut 260 and the rotor 214.

At this point with the rotors 214 attached to the shafts 208
and the sliding seal subassemblies 276 constructed, the cover
212 can be attached to the front side of the pump body 204 in
order to complete and seal the internal cavity 216. As men-
tioned above, a compressible seal 270 can be sandwiched
between these components so that only the inlet 218 and the
outlet 220 provide access to the internal cavity 216 of the
pump 200.

Accordingly, the new sliding seal subassembly 276 elimi-
nates the need for removal of the pump body 204 from the
gear case 202 in order to service or clean the pump 200.
However, the pump 200 also includes a number of additional
features that improve the ability of the new pump 200 to be
cleaned in place.

According to one modification, in each rotor 214 there can
be a clean-in-place opening 295 that extends through the
disc-shaped portion 242 of the rotor 214. As illustrated, this
clean-in-place opening 295 extends from a front axial face
296 of'the disc-shaped portion 242 to an area on the opposing
rearward axially facing surface 287 of the disc-shaped portion
242 that is annularly bounded by the wings 240 of the rotor
214 and the radially outward facing surface 272 of the central
portion 236 of the rotor 214. These clean-in-place openings
295 in the rotors 214 permit the rotors 214 to be self-draining
and encourages turbulent flow in the area between the rotor
214 and the cover 212 and in the area of the sliding seal
subassembly 276 because of the position of the clean-in-place
opening 295.

According to another modification, pump body 204 can be
altered to provide a free drain arrangement. As best illustrated
in FIG. 7, the lateral sidewalls 222 and 224 of the pump body
204 include an arcuate section 297 near the inlet 218 and
outlet 220 matching a path of the wings 240 of the rotor 214.
By removing a portion of material of the arcuate section 297
closest to a front face of the lateral sidewalls 222 and 224, a
free drain 298 is provided by an absence of material between
the arcuate section 297 and a front face of the lateral sidewalls
222 and 224. This accommodates for fluid drainage between
the area of the cover 212 and the rotors 214 into the regions
near the inlet 218 and outlet 220. Although this free drain 298
permits drainage of'this area, it surprisingly does not sacrifice
the pumping performance of the pump 200.

According to the modifications described above, an
improved pump is provided that has a front loading seal and
an improved ability to be cleaned in place. These improve-
ments can be implemented by modifying or reconditioning
existing positive rotary positive displacement pumps. More-
over, the modifications permit a large number of the compo-
nents (e.g., gear case, cover, and so forth) to be interchange-
ably used in either the old or the modified pump.

It should be appreciated that various other modifications
and variations to the preferred embodiments can be made
within the spirit and scope of the invention. Therefore, the
invention should not be limited to the described embodi-
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ments. To ascertain the full scope of the invention, the fol-
lowing claims should be referenced.

What is claimed is:

1. A rotary positive displacement pump for pumping a
fluid, the rotary positive displacement pump comprising:

a gear case supporting a pair of shafts;

a pump body supported by the gear case, the pump body
having a cover attached there to so as to define a cavity
between the pump body and the cover in which the
cavity has an inlet and an outlet, the pump body having
apair of hubs that extend into the cavity in which each of
the pair of hubs has an axially-extending opening
through each one of which a corresponding one of the
pair of shafts from the gear case is received wherein each
of the pair of hubs is generally cylindrically tubular
having a radially inward facing surface defining the axi-
ally-extending opening and further having a radially
outward facing surface defining a portion of the cavity;

a pair of rotors each having a central portion received on a
corresponding one of the pair of shafts inside the axially-
extending opening of a corresponding one of the hubs,
each rotor having wings attached to the central portion of
the rotor in which the wings of the rotor are disposed
radially outward of the radially outward facing surface
of the hub when the central portion of the rotor is
attached to the shaft, the pair of rotors on the respective
pair of shafts being rotatable in opposite directions to
pump a fluid through the pump body from the inlet
through the cavity to the outlet; and

a sliding seal subassembly disposed in a volume between a
radially outward facing surface of the central portion of
each of the rotors and the radially inward facing surface
of their corresponding hub in the pump body.

2. The rotary positive displacement pump of claim 1
wherein each sliding seal subassembly is serviceable by
removing the cover attached to the pump body and by remov-
ing the respective rotor from its respective shaft, thereby
making each sliding seal subassembly front-loading in that
each sliding seal subassembly is removable from the pump
body without the removal of the pump body from the gear
case.

3. The rotary positive displacement pump of claim 1
wherein the pair of hubs protrude from a rear wall of the pump
body in which the rear wall of the pump body is also sup-
ported by the gear case.

4. The rotary positive displacement pump of claim 1
wherein each sliding seal subassembly comprises:

a rotary seal member having a rotary seal face, the rotary

seal member coupled to the respective rotor; and

a stationary seal member having a stationary seal face, the
stationary seal member coupled to the pump body;

wherein the rotary seal face and the stationary seal face
contact one another to establish a sliding interface there
between when the respective rotor rotates.

5. The rotary positive displacement pump of claim 4
wherein the rotary seal face and the stationary seal face are
lapped surfaces and are disposed on axial faces of the rotary
seal member and the stationary seal member.

6. The rotary positive displacement pump of claim 4
wherein each sliding seal subassembly further comprises:

a stationary seal o-ring disposed between the stationary
seal member and a surface of the axially-extending
opening of the hub to form a seal there between; and

arotary seal o-ring disposed between the rotary seal mem-
ber and the respective rotor to form a seal there between.

7. The rotary positive displacement pump of claim 6
wherein each sliding seal subassembly further comprises at
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least one biasing element that axially biases the stationary
seal member and the rotary seal member toward one another.

8. The rotary positive displacement pump of claim 7
wherein the at least one biasing element is a wave spring
disposed between the stationary seal member and a sleeve
disposed in the axially-extending opening of the hub and
wherein the stationary seal o-ring further contacts the sleeve
to form a seal there between.

9. The rotary positive displacement pump of claim 6
wherein each sliding seal subassembly further comprises at
least one spring that axially biases the stationary seal member
and the rotary seal member toward one another.

10. The rotary positive displacement pump of claim 4
wherein the rotary seal member is rotationally fixed relative
to the respective rotor and the stationary seal member is
rotationally fixed relative to the pump body.

11. The rotary positive displacement pump of claim 4
wherein the rotary seal member is rotationally fixed relative
to the respective rotor by anti-rotation pins that engage both
the rotary seal member and the respective rotor.

12. The rotary positive displacement pump of claim 1
wherein the inlet and the outlet of the cavity are disposed on
opposite lateral sides of the pump body.

13. The rotary positive displacement pump of claim 1
wherein, in each rotor, the wings and the central portion are
each attached to a disc-shaped portion.

14. The rotary positive displacement pump of claim 13
wherein, in each rotor, there is a clean-in-place opening that
extends through the disc-shaped portion.

15. The rotary positive displacement pump of claim 14,
wherein the clean-in-place opening extends from a front axial
face of the disc-shaped portion to an opposing axially facing
annular surface of the disc-shaped portion that is bounded by
the wings of the rotor and a radially outward facing surface of
the central portion of the rotor.

16. The rotary positive displacement pump of claim 1,
wherein a lateral wall of the pump body includes an arcuate
section matching a path of the wings of the rotor and wherein
afree drain is provided by an absence of material between the
arcuate section between a front face of the lateral wall.

17. The rotary positive displacement pump of claim 1
wherein each sliding seal subassembly forms a seal between
the respective rotor and the corresponding hub in which the
seal extends around an entire circumferential distance in the
volume between the respective rotor and the corresponding
hub.

18. A method of modifying a rotary positive displacement
pump for pumping a fluid, the rotary positive displacement
pump comprising a gear case supporting a pump body having
acover attachable there to so as to define a cavity between the
pump body and the cover in which the cavity has an inlet and
anoutlet, the pump body having a pair of hubs that extend into
the cavity in which each of the pair of hubs has an axially-
extending opening through each one of which a correspond-
ing one of a pair of shafts from the gear case is receivable
wherein each of the pair of hubs is generally cylindrically
tubular having a radially inward facing surface defining the
axially-extending opening and further having a radially out-
ward facing surface defining a portion of the cavity, each of
the pair of shafts having a central portion of a rotor receivable
there on inside the axially-extending opening of the hub, each
rotor having wings attached to the central portion of the rotor
in which the wings are disposed radially outward of the radi-
ally outward facing surface of the hub when the central por-
tion of the rotor is attached to the shaft, the rotors on the pair
of'shafts being rotatable in opposite directions to pump a fluid
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through the pump body from the inlet through the cavity to the
outlet, the method comprising:

removing a volume of material from each of'the hubs on a

radially inward facing surface of the axially-extending
openings of the hubs to enlarge at least a portion of the
axially-extending openings; and

thereafter assembling sliding seal subassemblies between a

radially outward facing surface of the central portion of
the rotors and the radially inward facing surface of the
hubs of the pump body.

19. The method of claim 18 further comprising the step of
inserting a sleeve in the axially-extending opening of the hub
after removing a respective volume of each of the hubs, but
prior to assembling the sliding seal subassemblies, so as to
provide at least one axially facing surface in the axially-
extending opening of the hub.

20. The method of claim 18 wherein the step of assembling
sliding seal subassemblies between the central portion of the
rotors and the hubs of the pump body includes:

5
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inserting a rotary seal member over the central portion of 29

the rotor, the rotary seal member having a rotary seal
face;

inserting a stationary seal member into the axially-extend-
ing opening of the hub, the stationary seal member hav-
ing a stationary seal face; and

14

attaching the rotor to the shaft such that the rotary seal face
and the stationary seal face contact one another to estab-
lish a sliding interface there between when the rotor
rotates relative to the pump body.

21. The method of claim 20 wherein the step of assembling
sliding seal subassemblies between the central portion of the
rotors and the hubs of the pump body further includes:

placing a stationary seal o-ring between the stationary seal

member and a surface on the axially-extending opening
of the hub to form a seal there between; and

placing arotary seal o-ring between the rotary seal member

and the respective rotor to form a seal there between.

22. The method of claim 18 wherein the step of assembling
the sliding seal subassembly includes, at least in part, the
attachment of the rotors to the shafts to bring a pair of portions
of'the sliding seal subassembly into contact with one another
so as to establish a sliding interface between the pair of
portions of the sliding seal subassembly.

23. The method of claim 18 wherein each sliding seal
subassembly forms a seal between the respective rotor and the
corresponding hub in which the seal extends around an entire
circumferential distance in a volume between the respective
rotor and the corresponding hub.
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